Abstract. Commissioning of the soft x-ray spectromicroscopy beanmline at SSRF was formally started on Dec 26, 2008. Beamline performance has reached or surpassed the designing goals according to the measurements by domestic experts, especially for its high energy resolution and high spatial resolution. Since its first operation by users on May 6, 2009, tens of experiments have been conducted, and some preliminary exciting results have been acquired.
INTRODUCTION
Many scientific research areas require chemical analysis with sub-micron spatial resolution. Well-established chemically sensitive methods such as infrared spectroscopy or nuclear magnetic resonance spectroscopy do not have very high spatial resolution. Scanning and transmitted electron microscopy (SEM and TEM) have excellent spatial resolution, but lack elemental or chemical sensitivity. Furthermore, applications of SEM and TEM are often prohibited for radiation-sensitive samples because of strong radiation damage induced by the electrons. X-ray spectromicroscopy is a technique for high-brilliant, tunable synchrotron radiation, which could combine two important functions: the sub-100-nm spatial resolution determined by the zone plate and the chemical distinguishability determined by the beamline monochromator via NEXAFS spectroscopy.
The soft x-ray spectromicroscopy beamline is the only soft x-ray beamline with an elliptically polarized undulator in the 1st-phase construction project of SSRF. Its photon energy varies from 200 to 2000 eV, covering the K-edge of C, N, O, F, Na, Mg, Al, Si and L-edges of, e.g., P, S, Cl, K, Ca, Fe, Cu, and Zn. Studies on these elements are very important for biological science, environmental science, and materials science. In addition, the light source is an elliptical polarized undulator, which would provide more opportunities to study x-ray-polarization-dependent materials.
For the user-accessible endstation, the scanning transmission x-ray microscopy (STXM) was designed to have a small beam spot down to 30 nm on sample and has the capabilities of measuring the transmitted NEXAFS, the 2D scanning transmission image, and the total electron yield (TEY) for a sample. The outstanding characteristics of an x-ray microscope make it able to investigate the chemical state of particles, biological cells, and polymers at a microscopic scale. In addition, the 3-D homographic image for biological cells will be realized soon.
OPTICAL LAYOUT
The optical layout is shown in Fig. 1 . The light source is an elliptically polarized undulator (EPU) that can produce linearly polarized light and circular polarized light. The entrance slit is employed to define the beamline acceptance angles in the horizontal and vertical directions, respectively, located 20 meters downstream from the source point. In practice, the horizontal and vertical acceptance angles are set to be about ±0.08 mrad and ±0.04 mrad, respectively. Another function of the slit is to absorb most of the power and protect the downstream optical elements.
The first mirror is a water-side-cooled cylinder mirror, coated with Au, that deflects the beam 3.44° and produces light parallel in the vertical direction. It also cuts the higher-energy radiation (>2000 eV). A variedincluded-angle plane grating monochromator (PGM) scheme is adopted in the beamline. It has fixed incoming and outgoing x-ray axes, tuning the photon energy just by changing its included angle, which is very favorable for the downstream optics. The C ff value defined by the included angle of the plane grating could be adjusted from 1.8 to 2.5. Two gratings are used, one with a line density of 800 l/mm covering energy from 250-750 eV, and the other with 1200 l/mm covering energy from 275-2000 eV, where the higher energy range (750-2000 eV) is optimized. A toroidal mirror in the downstream is installed to focus the beam in the horizontal and vertical directions simultaneously at the exit slit. This slit acts also as the second source for the zone plate that is located 2 m downstream from the exit slit. A zone plate with a diameter of 200 m and outermost width of 30 nm is installed to focus the incident beam on the sample with a focal spot size of 30 nm. The order-sorting-aperture (OSA) between the sample and zone plate is used to block out unwanted diffraction orders from the zone plate. The sample is mounted on top of a highresolution piezo scanner. During regular STXM image acquisition, the piezo scanner is used to faster-scan the specimen through the focusing x-ray produced by the zone plate. Dry and wet sample modules are provided. The xray detectors include a scintillator-photomultiplier tube and a photodiode. The scintillator converts x-rays into visible light, which is then detected by the photomultiplier tube (PMT). Table 1 and Fig. 2 . 
COMMISSIONING

EXPERIMENTS
The beamline has been open to domestic users since May 6, 2009. Over ninety experiments have been done and some exciting experimental results have been achieved.
Automobile exhaust is one source of environmental pollution such as acid rain. The nitrogen compounds in the particles were researched by the STXM method. From the absorption spectra shown in Fig. 3 , it can be seen that nitrates are the main nitrogen compounds in the automobile exhaust particle. The ammonium/nitrate ratio is 25%/69% for Santana3000, and 24%/73% for Gol. Nitrate is the main nitrogen compound in the automobile exhaust particle.
Research on the effects of heavy metal pollution to vegetation is very important for environmental improvement. The elemental distribution for manganese in the root cell of corn was obtained by the dual energy ratio analysis in the L-edge of manganese (Fig. 4) . This is very useful for finding a way to reconstruct vegetation, making good use of soil, and developing environmentally friendly techniques of ecological rehabilitation. 
SUMMARY
Commissioning of the soft x-ray spectromicroscopy beamline at SSRF was completed in April, 2009. The measured performance of the beamline has surpassed its design goals. Over ninety experiments have been conducted, and some exciting results have been acquired. In the near future we anticipate 3D imaging experiments on biological cells and experiments using circular polarized light.
